Abstract. Velocity measurements of the flow field in an agitated vessel are necessary for the improvement and better understanding of the mixing processes. The obtained results are used for the calculations of the impeller pumping capacity, comparison of the power consumption etc. We performed various measurements of the local velocities in an agitated vessel final results of which should be processed for several purposes so it was necessary to make an analysis of the obtained data suitability and their quality. Analysed velocity data were obtained from the LDA (Laser Doppler Anemometry) and PIV (Particle Image Velocimetry) measurements performed on a standard equipment where the flat bottomed vessel with four baffles was agitated by the six-blade Rushton turbine. The results from both used methods were compared. The frequency analyses were examined as well as the dependency of the data rates, time series lengths etc. The demands for the data processed in the form of the ensemble-averaged results were also established.
Introduction
The velocity measurements inside the agitated vessel are used to investigate the fluid flow and its turbulent behaviour during the mixing process. Then this knowledge is the background for better understanding of the mixing processes, scale-up modelling, geometry improvement, etc. Although the development of mixing processes is nowadays based mostly on CFD (Computational Fluid Dynamics) where the LES (Large Eddy Simulation) approach is commonly used e.g. [1] , [2] , [3] , [4] , [5] , the DNS (Direct Numerical Simulation) approach is also under development [6] . The large part of published results in this field were summarised in [7] , [8] . The results of the CFD based on the RANS (Reynolds Averaged Navier Stokes) approach were formerly validated by the measurements of the mean values. The fast improvement in the CFD requires the much higher quality of the measured data which should be with high resolution in time and space. The PIV method seems to be the fine instrument and allows the detailed flow analysis [9] . But the high time and space resolution reduces the final time record length. Hence, we compared the velocities obtained by PIV method with LDA measurements, where the LDA measurements were performed in long time series, which was longer than 360 s, while the PIV data records were 10 s. The LDA measurements have been used by many investigators e.g. [10] , [11] , [12] , [13] , [14] , [15] and as well as the PIV measurements e.g. [16] , [17] , [18] . In the most of above cited experiments, the cylindrical vessel with standard Rushton impeller had been used [10] , [13] , [17] , [18] . The same trend is also in CFD [8] , therefore we used similar equipment with standard Rushton impeller. The radial velocity profiles were obtained and the a e-mail: kysela@ih.cas.cz values of the mean ensemble-averaged velocity and fluctuation velocity in the impeller outflow stream were investigated.
Experimental
Measurements of the velocity profiles were carried out in a flat bottomed mixing vessel, with water as the working liquid (density ρ = 1000 kg · m −3 , dynamic viscosity μ = 1 mPa · s). The vessel was equipped with four radial baffles and agitated with six-blade standard Rushton turbine (see figure 1) . The stirred vessel diameter was T = 300 mm, filled with liquid to the level H = T . The diameter of the impeller was D = 100 mm (T/D = 3) and installed with off-bottom clearance C/D = 0.75. The width of baffles was b = 0.1T . The measurements were carried out with impeller speed 300 rpm, when Reynolds number was 5.0·10 4 , which represents turbulent regime (Re > 10 4 ) for agitated vessel. In turbulent regime the mean velocity and fluctuations are dependent only on impeller tip speed V tip and geometry. Hence, the velocity profiles are depicted in dimensionless form. The positions are also in dimensionless form where z/H is ratio of the total liquid depth and represents vertical position which is parallel with the axis of the impeller shaft. The axis of impeller symmetry is at z/H = 0.283 where the central disk is. The radial position is expressed by the dimensionless radial component r * = 2r/D.
LDA measurements
LDA 1D measurements of the radial velocity in the impeller discharge stream were performed in axial profile with 
PIV measurements
The results from region under the impeller were obtained by the PIV measurement technique. The investigated area was 45x30 mm (figure 1). The area was adjusted 3 mm above the impeller axis of symmetry and 5 mm from the impeller blade (figure 1). The PIV system was time-resolved LITRON LDY 304, Nd:YLF laser; high speed PIV-regime camera SpeedSence 611 (with full resolution 1280x800) supplied by the DANTEC. Rhodamine B fluorescent particles with the mean diameter 10 μm were used as seeding particles along with wavelength filter to reduce laser reflections. That system was supervised by the Dynamic Studio software which was also used for velocity evaluation. The final evaluated vector grid was 82x47. The operating frequency was 1 kHz (that means 1000 vector fields per second) the record length was 10 s.
Results
The results of the obtained velocity profiles of the radial velocity component from both methods PIV and LDA are depicted in figure 2 where the mean ensemble-averaged velocity is normalised by the impeller tip speed. The root mean values of the fluctuating velocity normalised by the impeller tip speed velocity are shown in figure 3 . In figures 2 and 3 are depicted points where the deeper analysis was performed. The main parameters of data points are summarised in table 1 for LDA measurements (3 points) and in table 2 for PIV measurements (2 points). , [3] . The effect of low frequencies did not occur, probably, because the measurements were performed in vicinity of the impeller, where the velocity is high enough.
Velocity distribution in selected points
Because the discrepancy between the root mean square values obtained by the LDA and PIV measurements had not locity in interrogation area (0.76 mm), thus the velocities are partly spatially averaged.
Frequency analysis
Because the trailing vortices were readily recognised in PIV results [12] , [16] , [9] and, moreover, the LDA data are unevenly sampled [19] in contrary with the PIV data, the autocorrelation functions and power spectral density were compared. For the unevenly sampled LDA data the slot correlation technique was used [20] , [19] . The power spectra are depicted in figure 15 . The most significant peak can be observed at frequency 30 Hz, which corresponds to the impeller speed 5 s −1 (300 rpm) multiplied by 6 (number of blades). The peak occurring at frequency 60 Hz is the second-harmonic one. The peak at frequency 5 Hz is proportional to the oscillations of the primary circulation loop [21] or could be generated by the impeller shaft oscillations as well as by the impeller irregularity. The peak occurring at frequency 10 Hz is probably the second-harmonic one. Although the conditions of data processing are various for each measurement method, the results of the power spectra are in good agreement in both compared points.
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Accuracy and reproducibility
The reproducibility of the measurements is also important. We performed several independent measurements in an agitated vessel and the three ensemble-averaged results obtained by the LDA method are depicted in figures 16 and 17. The measurements were carried out during the long time but without the rearrangement of the vessel geometry and without the readjusting of the traverse system. It was demonstrated that the correct determination of the position has a big effect on accuracy, namely in the regions with the high velocity gradients.
Conclusions and discussion
The results of the radial mean ensemble-averaged velocity obtained from the LDA and PIV measurements are in good agreement in the region of the impeller outflow stream. The root mean square values of the fluctuations velocity are lower for PIV measurements in the main radial jet region. The relation between the time record length and the above mentioned root mean square values was not been settled. In contrary, it was shown that the length of the temporal record of the ensemble-averaged velocity values has considerable effect to 10 s of the record length in region of the investigated impeller outflow stream. Subsequently the comparison of the velocity distribution in measured point at the axis of the impeller symmetry shows similar shape, but the distribution is wider for LDA measurements, namely in region where the velocities are higher than impeller tip speed. Nevertheless, the evaluated power spectra are in good agreement at frequencies up to 100 Hz for both investigated points. Repeated measurements showed very good reproducibility. The LDA measurements have the maximal deviation of the evaluated ensemble-averaged values lower than 5 % in regions with high velocity gradients which is mainly caused by the accuracy of the position determination, in other cases the deviation is lower than 1 %, if the position error is sufficiently eliminated. 
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